) in the Marine Protected Area of Portofino (Ligurian Sea, Italy). The population was sampled monthly at 5 m depth on artificial substrata. For each sample, the number of males, females, ovigerous females, and juveniles was recorded and related to water temperature. Two kinds of males, minor and major, were found, distinguishable by the presence of a thumb on the second gnathopod. The sex-ratio was significantly biased towards females (F:M ¼ 5.6:1). The cycle revealed a female increase in mean body size during the cold season (late winter and early spring). This resulted in a peak in recruitment during the spring; females are fertile all through the year, but egg production is positively correlated with female size. During the summer of 2003, an anomalous increase in sea-water temperature was recorded. In this period the population completely disappeared, but the density during the next winter recovered again to usual values.
INTRODUCTION
Jassa marmorata Holmes 1903 is a tubicolous marine amphipod belonging to Ischyroceridae, and it is widely distributed in fouling communities and hard substrata both in the North-Central Atlantic Ocean and in the Mediterranean Sea (Conlan, 1989 (Conlan, , 1990 Bellan-Santini, 1998; Myers, 1989; Dauvin and Bellan-Santini, 2002) .
Females and young males build tubes constructed of 'amphipod silk' cemented with fine suspended matter, from which they protrude partially to filter organic matter and gather detritus (Dixon and Moore, 1997) . Tubes are fixed on both floating substrata (algae and hydroid colonies) and on solid surfaces (pilings, buoys, rafts, or the hulls of ships), generally in areas characterized by strong water currents (Borowsky, 1985; Conlan, 1989) .
A marked sexual dimorphism is easily detectable: only males present an enlarged propodus, or ''thumb'' on their second gnathopods, and they are bigger (body length at maturity 6.9-11.8 mm) than females (6.1-9.8 mm). Moreover, males of J. marmorata present two sexually mature morphs (Conlan, 1989; Clark, 1997) : 1) major males, larger than minor males and females, with a large thumb at the beginning of their second gnathopods (Conlan, 1989) , 2) minor males, with a much smaller thumb located closer to the dactylus. Mature males abandon their residential tubes to search for, guard, and mate with receptive females (Borowsky, 1985; Clark, 1997) . The two morphs are maintained because after reaching sexual maturity males don't molt again and their thumb reaches the final dimension (Conlan, 1989) . This phenotypic polymorphism has caused in the past great systematic confusion in the genus Jassa (Conlan, 1989; 1990) .
Females spend their life within their tubes, feeding, mating, and tending their young. As commonly found in crustaceans, females are receptive during a short period of a couple of hours just after molting (Borowsky, 1985) , leading to a strong competition among males and resulting in precopulatory mate guarding behavior (for a review of mate guarding behavior in amphipods see Conlan, 1991) .
A yearly life cycle of J. marmorata is known from an embayment of New York (Franz, 1989a) . In that study, five cohorts were observed with several overlapping generations. These data were different from those recorded by Nair and Anger (1980) for the congeneric Jassa falcata (Montagu, 1808) in Helgoland. These authors found that reproduction occurred all year round and two peaks were observed, one peak in late spring/early summer and another smaller peak in winter, to indicate two main generations per year.
Temperature and temperature-related factors (such as food resources) can play a significant role in determining the life cycle of amphipods (Wilson and Parker, 1996) . In the case of J. marmorata, it is known that demography is correlated with the seasonal expansion and contraction of the fouling community (Franz, 1989; Franz and Mohamed, 1989) . The life cycle of this species is unknown for the Mediterranean Sea, where it is widely distributed (Boero and Carli, 1979; Diviacco, 1980) . This paper focuses on the life cycle of Jassa marmorata in relation to sea water temperature, studied in a population living in front of the Portofino Promontory (Ligurian Sea, Italy). During the two years of the study, we were able to consider also the relative growth of the second gnathopod in males, females, and juveniles.
MATERIALS AND METHODS
In summer 2001, a rich population of Jassa marmorata was found settled on the chain of one of the buoys delimiting the Marine Protected Area of Portofino (Ligurian Sea, Italy) (448179540N 098139080E), from the surface to about 20 m depth. In order to study the population structure and dynamics of J. marmorata, a monthly sampling was designed. Unfortunately the sampling technique initially used (manual scraping of the surface) allowed several specimens to escape easily during collection. An improved protocol was then designed to avoid loss of specimens: 80 tablets (10 33 3 0.5 cm) of forex were fixed on the existing chain, at 5 m depth. Jassa marmorata colonized half of the tablets in two months. During the sampling, plastic bags were used to envelope each tablet before collection. The use of these artificial substrata provided us with a reference of unit surface for our data. Monthly samples were taken from May 2002 to April 2004, collecting three tablets each time, which were directly fixed in 4% neutralized formalin. At each sampling date, water temperature was also recorded.
In the laboratory, all the individuals of J. marmorata, were separated using a stereomicroscope both on the basis of the sex morphology, and relative stage of development. The following categories were considered: Juveniles (J), transparent specimens smaller than 0.6 mm in total length; Females (F), mature females both with oöstegites attached on the coxae of the second through fifth pereiopods and with gonopores present on the sternite of the sixth thoracomere; Male (Mwt), males without thumb on the propodus of second gnathopod; Minor males, small males with reduced thumb (minor form); Major male, males with enlarged thumb (major form).
Frequencies of size classes for each sex morphology and relatives stage of development were evaluated and analyzed with ANOVA and a multiple comparison test with Bonferroni correction.
The mean sizes of males and females adults were considered during two years, from May 2002 to April 2004. Data were analyzed with KruskallWallis ANOVA.
We measured total cephalon length (from the tip of the rostrum to the end of the cephalon) and the width of the second gnathopod of males using a stereomicroscope equipped with an ocular micrometer. Because in several crustaceans the chelae of the males show a positive allometric increase related to the stage of development, the growth of the thumb in relation to the cephalon length in each class was compared to a theoretical isometric slope by using a Student's t-test.
RESULTS
In total, 6819 individuals (5438 juveniles and 1381 adults) were examined and measured: 79.7% were juveniles, 17.2% were adult females, 1.7% were thumbless males, and 1.3% were minor males. Major males were absent in all samples. The four major males were found in a sample collected for morphometric purposes in December 2002 from a buoy situated far from the study site, and these were included in the analysis in order to have a comparison with the other type of males.
The size frequency distribution of J. marmorata individuals is shown in Fig. 1 . The analysis of variance (ANOVA) followed by multiple comparison tests with Bonferroni correction shows that the medium sizes of J. marmorata are significantly different among all the considered sexes and categories (F ¼ 151.84; P , 0.001) with adult females significantly smaller than males (P , 0.05) (mean size of adult females: 0.38 mm; ovigerous females: 0.44 mm; thumbless males: 0.54 mm; minor males: 0.62 mm).
The mean size of adult females showed significant differences during the year (Kruskall-Wallis Anova: H ¼ 294,25, d.f. ¼ 23 , P ¼ 0,000) with a minimum of 0.32 mm in October-November while the maximum average size reached in March-April is 0.46 mm, for both sampling years ( Fig. 2A) . In the case of adult males the trend of the body (Fig.  2B) .
The percentage of ovigerous females ranged from 0 to 30% and showed an irregular trend, but generally they were present the whole year round. Maximum values occurred in January (21.7%) and July (22.4%) 2003, and the minimum ones in June 2002 (0.5%) and August 2003 (no individuals) (Fig. 3) .
As reported from Boero and Carli (1979) and here confirmed, juveniles quickly begin building their tubes, starting nearby or within parental tubes. The monthly trend of the juveniles seems to have a relation with the presence of the ovigerous females. In fact, in June, January, May-June 2003 and January 2004 the maximum values of females coincide with the minimum presence of the juveniles. The only evident exception was in August 2003, when both females and juveniles suddenly disappeared. In both years, the minimum of ovigerous female was recorded in July/ August and April/May (Fig. 3) .
Regarding the morphometric study, the comparison of growth of each class with Student's t-test with a theoretical isometric slope is shown in Table 1 . Thumbless males showed an isometric growth of the second gnathopod, while in minor and major males there was a positive allometric growth (Fig. 4) . Finally the gnathopod of the juveniles and the adult females follows a negative allometric growth (Table 1) .
The sex ratio is highly unbalanced towards females: at the same stage of development, the number of adult females is about six times the number of adult males (sex-ratio F:M ¼ 5.6:1; v 2 ¼ 479; P , 0.001). During the studied period the trend of sex ratio (Fig. 5) showed that males increased in number exclusively during the spring and maintained very low abundance during the rest of the year.
The main oscillations in population structure are due to the trend of juveniles (Fig. 6) , which reaches the highest density in March and April both in 2003 and in 2004, when seawater temperature is at the minimum seasonal level (138C). Both females and males maintained similar abundances during the whole sampling period, with an anomaly during August 2003, when the water temperature rose to 288C and J. marmorata disappeared completely for one month. The re-colonization process started in September 2003, with the arrival of females and juveniles, followed by males in December.
DISCUSSION
Morphological analyses allowed us to identify important differences between sexes and among different phases of male growth. Adult males possess an evident thumb on the internal side of the propodus of the second gnathopod that develops when sexual activity starts (Conlan, 1989) . A negative allometry in juveniles and females occurs, in contrast to an isometric growth of the outline of the thumb in males without a well-developed thumb (at the beginning of the sexual development) and a positive allometry of the thumb in minor and major males (present study). Males without thumb, similarly to juveniles and mature females, construct a protective tube, while minor and major males leave the tube and live freely, crawling and swimming Fig. 3 . Percentage of ovigerous females (Fovi) and juveniles ( J) of Jassa marmorata during the period studied. Table 1 . Estimated parameters of chela dimension (CD) and cephalon length (CL) relationships for both sexes and stages of Jassa marmorata. N ¼ number of specimens; ES b ¼ standard error of the slope; t ¼ value of Student's t-test; SA ¼ allometric status on testing the slope against a standard of 1, a ¼ 0.05; þ ¼ positive allometry; 0 ¼ isometry; À ¼ negative allometry. around. Major and minor males are physiologically and morphologically mature: in fact they are the reproductive specimens of the colonies using two alternative reproductive strategies (Clark, 1997; Kurdziel and Knowles, 2002) . Borowsky (1985) reported for the congeneric J. falcata that thumbless males are sexually mature and can potentially fertilize the same amount of females as bigger males with thumb, but they lose most of the encounters when in direct competition.
The highly unbalanced sex ratio in favor of females could have been biased by the sampling strategy used and by male behavior; mature males lose any relationship with the tubes and become vagile in order to fertilize several females with a higher risk to be preyed (Clark and Caudill, 2001 ). Our sampling protocol was designed to trap swimming males, but we cannot exclude that some males might have been able to swim away, biasing the sex ratio of our samples. Anyway, female-biased sex ratios are known for several amphipod species (Kevrekidis, 2004) .
In the studied population, major males are very rare; this could be due of the higher energy cost required to pass from thumbless to major males (Kurdziel and Knowles, 2002) . Also, if the reported sex ratio corresponds to the real situation in the population, males might experience less intra- Fig. 5 . Sex ratio trend (males/total specimens) (circles) during the studied period in relation to sea-water temperature (triangles). sexual competition and use a conditional strategy (plastic phenotypic response), saving energy to mate instead of producing a bigger thumb. The two hypotheses are not mutually exclusive.
Regarding body size, females can reach dimensions similar to those of mature males. During the summer, both males and females reached smaller dimensions in accordance with the findings of Franz (1989) , who evidenced that female body size declines inversely with temperature. This trend allows a better understanding of the seasonal cycle reported here. J. marmorata showed a seasonal cycle clearly influenced by water temperature, with a peak of density in spring, mainly due to a high juvenile recruitment. As far as female body size reached a maximum in winter in both 2003 and 2004 , and the abundance of ovigerous female showed little fluctuations, with a peak in January 2003 and again in January 2004. We can affirm that the high number of juveniles recorded during spring is due to the greater fecundity of large bodied gravid females present in January (Fig. 5) .
The population studied in Deadhorse Bay (Franz, 1989 ) indicated a cycle with multiple overlapping generations but with similar relations between female body size and recruitment. In the northern Atlantic, Nair and Anger (1980) recorded the presence of two main generations of juveniles during one year for J. falcata, one in winter and one more pronounced in late spring/early summer. In the case of J. marmorata, only one peak was noticed, for about four months during spring.
The high sensibility of J. marmorata for warm water suggests that the well documented warming of the Mediterranean Sea (Cerrano et al., 2000; Gomez and Claustre, 2003) could negatively affect the distribution of this species, at least in superficial waters. Several Mediterranean species are under the threat of global warming, expecially those living from the intertidal to 30-40 m depth. We can consider J. marmorata an interesting species to be monitored in this way being, according to Conlan (1990) , a species whose distribution is confined in this ''sensible'' bathymetric range.
